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Ey T!lOnW.p ~~ . ~)J ').rk 
P'TROj ;lJCTII)N 
It is ofLn dcf" ""~.b1 t, 'n.v8 -9 11crr.lam:nt aL J ~,c~urC1t'; r _corel 
of he sur£'ac'" 'i.n ~::':1 '\,a~; AhoD of r>ircraft- 'L >;;.n, p'" .. ts buh.J~ct 
to ':'ee.r ., Ii1 may . .\' C:;'E. ,'s , '1 p 1c:,crn ~cr'J.:7r;;,,01-; of :"13 ..1",S1 r...;cl Sllrfllc,,; 
canllot b; m"]u '/jt'IOU':~ s~ctj.O-.i.DC "he :::.l)8cirfl'rJ T'lj,.. sectio.ni.ng 
is often i.n'3.Livi.:3.<'blC bccd.\',so ·i:,h.-; sy .. c it.,,_': ',n'W b nc":d)d for further 
i,cstso Sp,cj ~l CB..I(l(!'8.S n.~ ji.:, b..;::- rL,'.T1.s",r<, f:-n' +;,killg l)h:;',o'11icro ·' 
'7r"l:lhs of ot,11l.r '"iS8 j'1Lacc~s:,-:bl,. s'.lr:acVs9 btl I:. Ek' "ll;;ch'1r.icCll 
difficl1ltic.s c:.nrl t'L:: ";.~~p ;!'lP2 of S.:C 1 .lrstrU,ll·'nl'~) 'l1.V nc,;_3"'iL:lt;:;d 
the adoption of ot11cr ill<..':.hc'·3,J , ~,,-.:11 'W th. us"" of thi.r - fil'tl replicas . 
The use of } l ao'. tiC" l; 1.J11 rprylj.cE',S of ue+:ll surfaces is not new . 
In 192L~: La V. Foster ( r81 erence 1) ~~ed colloj~o'1 films to obtai~ 
replicA.s ry[ et.cl1cJ t:.lr.i:·2t::C's3 th'3f-e re1.lJic2s ,"err; s-,t':"sJ'1.ctory for 
rlicroscop .... c m:a'''ln1t1on 1).1. t:18 et ,:1 p.~ttern . Rr.,cen'Ll?, thin·-fiL.'1l 
reolic"!.s of met'll sllrf"!.ces !vnre tsen u.c,3d 3xtenf.ivc-ly in t!18 fieJ.d 
of electron microscopy (ref",l'enc F,s 1 to 6). Ex rr]I:,e1.y t.:lL1 films 
of collodJ.on ?rlC1 otl er plqst.:i_c OYJnt/'l'i~.ls 8'J.ch 1.0 Y"jl"''1lTar h"vS beE:.n 
stl'ippecJ fr:)m the e Jchcd sur:3ccs of' net 'lIs "nd h'1'J8 been ()x'1miped 
..,t hi~l-J. m.J.gni i'ic,,-t,";.ons to de1..erilJ'18 t;le i'j.ne st-ruc ur," of the metal-
lic surfOlce . ~3.cq'18r-film neg'1t-iv8 1'8:-lic35 l-J.1.ve been UG~d by the 
l:~CA in surf'1ce·-porosity det'~1T;li.n!J.ti(;,1f, of crromiuln - p1::tAG '1irCrdft-
cn"'in'3 cvlinde-r b1rrels 'lnd h-3.JP bpen fo;md to dYe adeq'~1t8 cleilnj -
tion (r·efer.=:mce 7). 'l'his metho'"l, r1ev,:.lo:;ed by . .:3-:;hli'1 1nd Stoke1 
~t the Aircr'1ft En )."18 R.")se1.rch l'1bor"to:cy, is n .• j.d "nel. s'}tis"'actory 
for tne specific pUI'FJse of djfiere'1t;. ':1ting be"-:'.· een th'3 pOl'es -md 
the nonin "11 surfJ.C'.' 0':" porO'lS c'lr:xnc l..Ilace The tr'lnGp'H <.nt neg'3.-
tive rr:plic8. is em in verse i"'la,:;E' of 3. SIJrf:l.C8 1f el, if the replicA. 
is obli auely l i Cht<...d Jr if Vee orir..:tn'll surface Vl'1S irregular, the 
r8)lic1. ID'3.y b('>1r no :;:'8senb l arcc to the origin·::.L Fo" a criT,lcal 
stldy of surf'ace irt\.'lpule.,riti.;;':; b,r ll'3·:.'ms of l'e.Jli 'ps, the rep.L1.c'1s 
uS3d should t1lerei'ore be op-'l.que !.,Qsitives 0i' the orisin2.1 su.rface -
2 ~AC~ R3 ~o . E~I~7 
The cr)mrrehen~ivp study of !Ji.l ('r8ft-p.n~jV'!e ' eGr llndertaken in 
recc·t years h:lS focused .gV·,ention 0:1 t'le pilYsi.C'11 altel''"'t:Lon of 
',7e"rinc surf~ces . In most C[lses the :::urface ch8nr-8 is of fluch 
microscopic di'11ensions ti'13t fpecializl?i 2nd eXl'enpive equipment 
must be '.wed to e . .c.:ur.ine tbe interl.ors oi" aircr',ft be?rings cmd 
en3:Lr;.e cylindeu . If photo:'1icY'ol''1''":i~h.s '3.re taken of the surface 
fOi' q, [jerma[,.:.n t reeo rd > only 8'1 e'Ctren.ely s:llall are:;!. c"tn be ir,cluded 
in the field. :"8ny photamicro :ratJhs mUEt be made t o obt;:lin a 1'e[1re-
sent"·tive cor.cept of c.he s'lL"f"l.ce . T'le nee] for some si.J"lpler- method 
of PXSJ'!'lir!"tt..Lon th'l.t could ')e at-l['li"'d to "lny surface without neces-
sit".t.L,'g the use 81' '3r>€8i"l1 eq1.1ipmsnt WOl,S re"llize r';' durir.g the CO;lrse 
of 2., Fro r 'l.,n of s,ui'ace- fir,; ::';1 study Clt the. Aircr.",ft "Encine Research 
I.-3r.lor,qtory in t'le S'Jm:'ler of 19)d . A metho-::l utili.zin.g poc:i tj ve 
r eplicas 7 ras dF;ve lrped t.;nt OV8rcomes m"ny oi' i'18 f.rpv:Lous diffi-
culti;:,s of surf~c~ 8 v <)'n'2.r!:::tlo:1 in c~):l1fi.r,pd bearing ann cylhder-
barrel areas . 
The s'Jrfac~ of the s[J8ci'71on i.f' thor0u,;h]y 1,"9.p\-;.ed uri t!1 pet,ro-
le1Jln eti1er '3.nd is i l1en SW-'1loi. p-l. v'i thl.ce rO'1e . P. sr.Je ial [; triPIJil1s 
l ac-qu,">r th3t }-reels e1sily fro:.I !l li~etal surf8c8 i.s tnrm spread in 
a thin l a.yer over the s.Lri'1ce of -':de s)f,cirn.en v:i til ::t b r ush or a 
cle:1n ",.1',2s rod . Sma11 Si..leri [lens "'J"~r ::'8 di.;;.Ued .in t:-tP lacquer 
anQ set 0:"", ed~~e to drC'in . 1\ s~~r,:.:,)1'11 ,'1 ai.r. :it::lV bc~ c.-i..rel~t'2d ov<'! r 
t.>le b.cq'~er-coqted s'ecihen f()j: 1 ~ 'ul.r,u:'r.?S t.v hOlster: (lrying, if t!12 
air v"J..or:,i ty is k8i) t lo'" l~Y10'.: ~;l to ;:r',?v,;r , bluf'hin;-r :lIld 'Nr~ nkling 
01' th·,;: f:"ln by tIl"; hlJs: .. '1'0'') LJ,r;t i.f. tr::::I: ::;tripy..s·l fro'11+,l1'? sur-
iaC'E, Ll r':;:-;;l,)ve an:1 81;1e1'i11:: fore:ir: /,'3.rtL:lcfi r Jt r~r.lovc~l by the 
VJ'1s'lin.[" If the f:hlr:,'1Ce is p_lro,ls ,::Y' granJ.l~r J it ::l8.'y be nccess3.ry 
to E.tri.9 eff '!lore t'nn 'J]:'" cl8<lns·i.n,o- fi.lm to I' >;"love all t:1e:nat~rial 
loip't:·,cl in t.hE. surfac13 po~'ps. rrhe::e clrJons.~n F" 1'1 lms 81"(3 discard3d . 
Th8 fin'll ne,,:'1.ti.v:' l'e.,lj C8 h.bl i 3 s~)rG11 ')11 tne sreci:":leI' :md 
=t S'cn-t.le flo!~ or :'1.1' is cl'i._ '.C !;"cCt 1CrOE:S th:: 1!lC'lU( I' i'l1m for -,t 
}':!::.st !.I~ .:ir..ut':f 1:)('.1:'01'''' IL:_ (,~Y','f"Jll/ ::,,,:.:h:-l frey;) t!l'~ s'u·f,qcc,. 
Ii t.t,-, t".~21icas 'lri. d:'i.~~d ir st~LIJ 1; I' J cl~,'1n~)ing fi.l:ns s110uld bE. 
lSl't on th2. r-'tJE::Ci',U1 for at lC_?8t 1. 110 i 11' and th( fL'J.::Jl 1',:.j J1icrl 
.filr:. s'10111 be' ?ll()''',--.d to r .p':t':'nLo'" "t l'sst !~ :lO'lrp, efore being 
pt::lu':: iroTr t(1,. s ·'rf~~cs . ':u .:t3d·lct · rm in "'lu'·i.nl{'1~'3 is i;'1irdd by 
allow!.n ~ tnt: L .. 1:1" t.o r':;"'11·i.'l in ;) 11.C 3 en t~L ~'urfac~ for 8. loniSer 
t.i.mo . 
l 
---_ .. _--- -----
The prep"'ration of the positive replica consists essent.ially 
in plating a thin layer of silver on the replica side of the trans-
t'arent neq;ative lacquer replica . The dri"ld ne;:;Mtive replic-"t film 
is cut into l - inch sQuares that 2r e mounted replica side up over 
a 5/8-inc:1-diam,~ ter hole punched in a specimen holder made of thin 
brass ph.te . The eClr:es of the fi lm ·'lrf; c~)menteci to the specimen 
ho1der witl1 so:ne of the lacq'lPr . 'l'hE n6:;ative replica. film con-
tracts to q flat surf.qce 1.8 the cen8n : in to lacquer dries . A g13ss 
I)la·t.,( is plrJ ced in contact. , ·;.th t.he back of the spf'cj:nen holder 
'md both " r e p J.a.ced in a h.i.G"l- v'> cllum metal- evaporation unit wh'1re 
:m opaque cO':ltin~ of silver 1 S ;::v.q~)or3.tp·i onto t.he replicR. s ine of 
the fj liD (nf p.ren ce 6 ). 
Tne replica th m may te pX"iinined mi -;roscop Lc 11y 1::1 vie\·.ring 
ttl€" op1.que sjlVF~r coatiI1I~ t~ .. :OUt;)l J:he l1cquer fil:n . The rurfac8 
thus SRen is a pOf1.tive replic.:l. I.f .Lhe orjR;inal metal surface . If 
-;;er-nE,.nent mi croscope- sli de mount :::; a~e desired , .1. 1/2-.i.rch- di.amet er. 
rli s~( m:1.Y be cut fr·)l1l the r:enter of the por3it~_ve r e,llica mel mounteri. 
s:ilver side down on a micro8rc-~;s S1.~df; D':"'8viously ui Dped in C1 f r esh 
war-n H)-percent. wa tor- solutLm :1f ·(,el'1tin . 'i-he slide should be 
allowen to dry for 1.t l east. 12 :'10Ul' S . If the ne[;,'l.ti VB replica filr.\ 
is dirty , wrink l ed , or o~.ler.jSt~ uw"at~-fR.ct()rYJ it. .'t11Y 'Je ri.issolved 
fro'TI t:10 slide wit:) acetone :md "1 ' l(,W f il.'71 of VIe lacque, a)plied . 
The silver replica remains fastm,erl to the ~el'1tin d~rin~ tlis 
process . 
Surf:lce test 0 wer p ID"de tv see if the r ep lica~3 s'lr tnk on 
drying . A series of tp.sts .vas per fo rmed usinC negative re') licas 
that h8d d-ried for rlHfer (;nt lengths of time in contact w3.th a 
specimen . TliO parallel scr-3.tches 2 inches apart were ruled on a 
pol1.shed b r A-f)s surface -"'nd thE" 1l(?~'ltiv'~ r~plic."s were peel ed from 
this s'lrfqce and me1 cured pt, time:- interv-?ls up ·~.o 1 week . The 
v-"'r iCltion of the spread of t:,lE::Se tym lin "·s fro:;! the 2 inches on 
the orie;in"l p l at.e ''{as easured on th'3 Dcg.?tive r eplic::Js 'Nith a 
sC'3.1c '3nd a 11'[ gnifier . 'Ih,' r,hrirk1fe 1'1"18 me8sureJ to an Accuracy 
of 0 . 1 percent . Several hundred me."lsare,nentf' were made on 
7 5 rep lic'l.s to obtain the dryj ng- tir,e Lform·1tion previonsly 
J,; tven . In general , a I - pArcer,t [.hrjnk~~e shoulr1 be taken into 
considen.t.Lon in all rr:;plica stildi e~) . 
Fir;urEl 1(a.) is a photo'7I:.cr "" cr~ph of : 'l1et."l11olrr1 j Jhi ,ally 
polishec~ steel surf:tce ; fir:Ul'e l(b) is .q pho t.omtcro~raph of its 
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posJti ';c, ·cer:lic; . Fi.:urss 2(-1) ~nd 2(1:-) ['refsnt a s.i.mil"r tre1.t-
i,cnt of '" 1-'3.1 [,e'1 Etf'El E'.lrf'lce . ThE: squ.qre 1.018s th.q· '1.1"e vis.!..bls 
';'n th,:; f)!1otO!n; Ct'OFL'3phs were made witlt a hOGkwell ha~dneC'E' tester. 
T0es-2 figures S'l')VI -the de<.,ree of' fidelity of reproclucti.JIl possible 
'ui:h thE. posj ti7C re;llic::.l. 1'11e sDE:ci.nen S~1\)w:1 in fi;;ure l( a) had 
-; r0u,-'mess '')1 L 5 :ci.Gl'Oi,IIC·k'f , r!:lS, as deter:niT'ed by th'" .3rush 
purface a~l'<":l:Tze.j". J.;j:;ure J (b) i llu8tra t'3S the re801utiol1 possible 
'.Jjth tlte jJos.i.tivc t'r>plic'l '3.t t.he s:ilal1 roughneps '111ne of LS ,aicro-
in ches , r!ilE . 
The rlig!1(r r~f>~c-tiv,~tv of a silver sur11ce <18 co~~~r0d '"lith 
~ ste~l 8urf')ce must be cor3;~ere~ in intpr~retjnp surface ch-'3.r-
'letere 'Che .fjn'" s',rustur:=ll (tEo1;:.<.d.l is sOll'etimes lSfs evident 'Vlan 
1 t is .i..n the ori~i 1'11 spec'i -J .• ~r: '0c:.C;lUS8 of V18 incrcaf'ed t;p~eu1ar 
il1u"'in~t~o:'1 of t'1e ;-i+.s ,nil ·T'10VE'f of FIe r8:,lic3.. ~.lt'10ug'1 t\le 
fiDe ::lebi 1 sho .... rr u fipure ~ (.<:) ir- gJ so s~o'.'.n in fi ure 2 (b) , 
fL~nr3 2 (r) Sr,O"'S '"'11 .... C'" ]f>[-:f co trast. [n m3k in~ of ~'1oto.T.icro'yraphs 
of 'Iositive re.plic"s, 0'-.1:)' t.wo - thi.rds t!1e 8x"osure E:i.'len t.o t.he 
orl:'inpl st,,'~l surfAce i: nef'essary . 
A su;·'f.qcp-.;.~ini2r1 f;turly of c"lin::ler - b;:}rrcl 1! aJ ~.f "'''1.8 conduf'tel 
fiu,J}:,]e!!len',ar,j to '} E'81'ies of r:i.n·;,-ct. · c:<ir'.o~ t:ests OI" s1.n~le cyl-
ir:rler i'r0rn '1[, A.IJh;o!1 V-J710 enr:iw . fositive:ce licas (i'iF·s . 3 
t.o Jt) of t~1c cylLnc.>:;r "/;ll.lP '\"e~'e madE. '3.f-ter 81ch A 22 te::t rims 
"nc] v erE exa"1:i.n,.,d ,..,icroseo )i.c'111y fnr ::,l1'f8ce Cl-J.ClW~<;S durin~ t.~"le 
run- tr" awl 'fls1rine> of t:p c.-lj'luu' r,1.rreL In t.his :'lJplj,c<>tion , 
a neeati ve rcplir::8. 1"" c; '1l::t.de of bot.h t.hel'ajor- t.llruE;t iUlrl mir.or-
th.r-Uft f.3.cep of i he barr"')} . ~;81r.;.c+ :: 1 fortinns were cut frnT,i each 
of these ne,;:at.Lve --rf'~:'lico sections and m'3.de into finished [~os i thre 
re li~As InO mterl m ;ni.crosc01 e slic.es. 
A ~icroEc~ ic ex~dn~t~cp 0; t~ese rCGitivp re~licqc indicated 
;- pr3dU3.1 eros~.;)n u'10 ':Jlter"i'iu!1 OJ the cylind~r suri':Jce fro,n the 
c r os8- hAtchPj f::'rish OJ q ne,,;' 1./ huned cy" i.nder barrel to the 
]Jarallel- scr1tch f nLs l1 oJ' a '~el1-1 orn o"'rrd . T. e ton portion of 
tL~ bJ.rreJ. sho';r('d a 'o.:u:imuil 01 ',·s·"1' . This e"Ji.j nce of ':!e1r, ':31o-'m 
tv the dif,(llJpe"lT'llre of J he : onirJ": l!1·'1rKS on t'-1':: . arrel -'1re3 tr"'v-
erspj by the rings , deer~1scd ~0~~ th3 cir~1~~er8ntipl b"rrel ~rea 
until, -t tIlE b.)tto1'Y' of 'Lh~ ,"re1 of ring t::,'wel in the b'1rrel , t11e 
rro·s - l-J.atc'1pd surface w~s still Gu~te evident. 
I"j,f"ll'eS j t" 7 1re ph') om"Lc::,(),"'r':l.}_hs of POSt tive r8f)lic'ls of 
,--:>.rio lS J)o r tions of t'1S f:11rf';lce 'Jf thf; cylindel' :"'l1grl~,fidd 112 .:Jiam-
C't'.ol:'3 . 'i':1e coarsely honed c·urf.'C2 fi r.if.h of a n('lv' AI] 'i.f;on ylinder 
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l''3rreJ. i.s shown in fi::;u r e 3 . Fif'.lre h Sh01NS thr. cCYIlo-<'rat i vrly 
finely honed finis:l ~iverl to the Allison cylinder barrel at A~:nL 
~n t)lS cours", of a [sl1'?rdl engine overha1.ll. The surf,,,-cp of the 
coarE'ely i1Cned neVi cyl jnder after 48 hours of test rmning is 
shcyv'm In JiEure ~ arld the sUi'face of the f-L'lely hone::! cylinder 
b3rr~1 8oft-er 35 hOllrs of vest runninp; j s shovm in f'isllre 6. 
Fi';'.J.r(~ ? rho'.'[s +,he sur':2ce of th'? cO:"J.rsely ncned cylinder after 
Jor) hOd rs of te:::t o~)e:! tion . All th'3,se photolnicro[.ral_hs WAre 
taKen alon? the middlp. purtion of the major- thrust f8.ce of the 
barrel pnrl. repreEent T.lle General surface Appear;mce of t.he cyl-
ind8r barrel. 
The :irst visi.ble cl-)rm~e dr r irlg' operation in the surface of 
the newly honed cy'inier ·.S a .~rai1l21 a;)pe3.nmce J pgrly in the 
tS'st runs, of vert.ical "cra ches f>'l1)srirr;)()[;3rl. on the honinG rn.arks . 
Ls the W0ar J:.lroceed,c, l10:.fe-ver , thr'"'e [:ron.:,,s of b lrnisherl. b"lIlds 
regin to Qpp""!21' on the cV".inder lJ'a11 It right. '"Ingles to the direc-
tion 01' the stroke . The top froup loBS on] von·:=:! Sr1-":>1'i) band gene1'-
p.ted by t'le top cO"'lpr2~sion rhJ.!, '1.1. tilP tC'~ of 1'ine tr'lvf'l ~n the 
1:'ar:::'E",l, tile "!:l1nr:ls fOr'ned by t.h:.:=.' ot1ler t7'O compression ring13 arc; 
extrern:,lv fairt . The secon.:l 51'0'11) ro 1f;l.sts of t,\VO closely ~pRced 
f,gint '-'''''1:18 that are ceused ry he tvvo o~.l-control ri.nfs vl'len toe 
piston is CIt tOTJ certer. 1'11(: bot.t')m group com:is+.s of three 
dif'fusp ri.ngs that ::tr(" cm.en t.ed b;i t.tle::'J'1ree cO'1lpreGsion ri.n;s 
..,t the bottom of ring trlvPl. 'lh9se band~; are 1 ro1:'3Dly caused by 
a numb';r )f .factors , SUC'1 Cl~; the Jnert..h forces o.f the pj ston at 
1 h8 to~ pJ."ld botto'n of the strc'<e ~Iat )?'ive rise to a ~;l::1J:..pin.: 
-:tcti(";n of tl-)P. t'ln7[-; 'f.'"aj,n,~t the v.all , as v,eJJ. 15 the ::lb"'ence of 
ane(w.,te lubrLr.:ation rl.nri,nf the reversal of piGto:-~ directLm . 
1.1.8 rest of t.!-"le surf·3.C0 of tl-)e cyHndsr b-'rreJ other than t~p 
I-'an 1 "'1.1'''.'18 cont '"lins Many fine 3cratcI-:J.eE p2raJ leI to the dirActi on 
of thl'· stl'ok.~. Thofe sCl'ntches aT'''' cP.used hS the abr-1si'l9 action 
oj' }Jan,icles susrenrle in t.l(,~ 011 '1n...i .Lm)-,,:,jded in the ring or 
cylirder i'mIL Y.118!"'; the :i.n21 ;·o::mj.ng ffi-3.rks dif:appeaT from ~he 
hotto.J ring banj of t~e c71~.der b~rrel , tho barrol has re~ched 
i. ts f Ln::tl surf ace- fin islrt ap')f''J.rancc:. 
In :3 cO::T3t)ly hODed ne';'! cylinder , thE. !lonin;! IT."lrks at t!1e tor 
of thp barr:~l 1'Icre found to disPI-PPrlI' '1ft.:~r ap~~I"o"'Cim..,t.ely 100 !101.11'8 
L·f runf""l,")'·' t.m<"? ; but , in ? fj}IPly )'o'1.fi cyl;nl~r , t'18se marks dis-
.qPt)e;:Jr(~r1 ·"lit"'r '11:: b. ale ?S 30 Lo;u'[" of runniDt' time . 
. A:I1 eXclJldn ""It.ion of t'l~ SOJ71f;lt'te ')Of'it;j 7,:. repl.i.c!1. of the c:rlinder 
1'T811 iClic':!t:;:d thl t t!lf'I'O ¥Tf;re tJ.-;1'(]e ~::12in 1.1".:'.3.: of int 3TC'St : +h3 
tor atF} 0ot+.om 1'in<~ hrmr'ls, 1.nd t.nG gem;rgl ""[111 arl.:l 't)otre~n t~leso 
bandEe In ord(~r to show thu dir'ft.;pmce ~n the 1prearance of 8. 
r2cent. '-y run- i.D D3rral frum tbat 0:' a wcll- 7:orn b8rr .1 , photo'1icro-
'"'raj ·h.;; '/ ' :;;rrc ma.de of th<.:s'-·J t!-"ll',o,:;) 2r,~,'3S j.n thl't?r> 1"'11'1"1:;113 , one. o.r w~1ich 
l _ 
6 
h'" 1 bp.P:'n run 33 h, 1 r3 , one 120 hours, and the other 225 h'Jllrp on 
'3 i f-st st"nd . 'T'hese rhotomi crogr3.},;h;-; Are sho'IT: in fi[;lre8 R tc' 14 . 
The fact th"lt the cylinci~rs eX1min~d in this replic'1. study rere 
used for r ino- stir::,;jn~; tests must be vept in Inj nd in interpretinc:; 
thF) fipu r 0S, In t Ie cyl :i.r.Jers t'1'1 t :1".1 "berm rm for 33 3n'! 
?25 hour~ , the ~oJ ring ~28 ~blCk in the rirg groove c llsing 1 
c1iffsrent, pAttern on tl",,3 cylinc'er .... '.al1 ''It tIle top of rinp: t,r(lvel 
from that vrhi Ch is fo,"nd ·:1t tne s..., ne 1-'osi ti:)Y' jn tl1e ba.rrel t'18t 
hi:l'i been run for 120 flO'.ll'f l'tIGro all the r i.ngs were free, 
Fi~are e sho'Ns the fl r 3a 1{ i.. thin the top r in!!, t,and in tly; eyl--
inder in whic.h the tJ[l rir; c =-d not stick, '1;18 leaping scrRtches 
'V,Ters presumably' g ner:1ted by t.hE tOJ:-1 compr<;scinn ring '3.S it rotat,ed 
sli~,:htly '1t the to: of t'1e c.t-r)~ e. Figur'e 9 shows t:1"~ area at t.le 
to of rir,? tr'?tvel in the b"'rrel run for 33 hours in v:hich the top 
ring was st 1.lck, Tlle lmLJi sdin,r effect of t e rim~ imjJact has 
reflovs:d tile scratcne.:: j~ t'1if. o'l:::,rel but has left the deep~r cross·-
hatched grooves of tn.e 0r.in,~· oper3ticno Figure 10 shovJS a reiJ1ica 
of the 'lor'1 sur.(''lce of' the h"lrrel rU:1 1')1' ~,~5 hOllrs tAken at approx-
im':l,tely the 51.'ll' area Sh01'IJ1 ."in U,::ure 9 0 The rinu waE sbck in this 
cylinder. This cylinder pr':!sonts .... n p.xcellent exa!!1l jle of the sur-
f;jce fou'1~} -''It tne top of ri'tlfT tr'),le1 jn .... wo n cyJinder barr'e1. A 
cl-J.iracteris ic burn:Lshed .sr\~~ wit1 PL' i'l'iDff' of SIlI8'l.re( meta] 
extending d,)1r;mnrd if' clc>arl~' Rh8'm . 
A replieR of G tn,j C''11 S lrf'lce '1Y'U1. in t'1f. center of the b'lrrel 
slight.Jy T:orn after 33 h()ur!~ ts s'lONn Li fic'ure 11. 'I'hts surf".ce 
has n'Jt yet r'P'lched the aplJ8;>r,)1-:c~ of the b'lrrel S\10 ''11 ' n fi~ure 5. 
Fi ::;ur8 1':' 8'1011 stile 58'''e ~;~npr""l ,qrea in t:\P DnrrpJ. vTell-w0rn after 
22,) nOLlrs . .I'm examinatiOl, of t' e rerlic8s of this a1'e8 ma-le fro:n 
this cylinder dlring iLs :t''.lv,Ili:lI:': indicated th8t 1.l-'pgrentl,v no 
further &'rface- fLnlsh chan~0 oCM1.rr~d once thiA :t1ge had heen 
r'3ached . (c£' fi,,'s . 6, 7, ~lllrl J.?) 
Figl1rl? 13 is '1 re',liea of the 3rp'1 contai.I'lns the ring b"'nd 
at the botto"'! of ri.n'; travel in the harrel fliglltly viornsliter 
33 l:ours o The rL,"" ~:nnds '1',,-2 L.)t ye\" 'lJE-"m ro ai'Pf,o.r .i..n t')is 
area . Fi;-11re l.ll shows t'18 t0 r- 1'inl l~an 1 at t:le bot~',om of ring 
travel in the worn b1rrel Rft~r 225 ~ours . In t~is Rre~ , the 
burnish:Lng 8fff?ct is not so l1C)ti..C'('::JDle ":s'lt '_8 3t. t'1e '1..0[' of 
rin: I-r"vel , but the frinr'e of f~1e'1.::' '1et'1J. is qui +F) cvirlent. At 
th3 top of ring trq:vel t~18 s::1.:::"r noints r},)''IJ]1'' 'lrd ' 'here '1.[' , :tt the 
boLtom of rins 4T 'Jvel the S:~le:lr l)oints IJ}Jw'1Y'd . T:18 :?d.~('s of the 
E~I~8rs Si10'Nn i:1 1'i -:;:.lrr>s 10 ~nd 1)4 St.lr-t , L:: 23en CI~.,::, '.It t'le fo1' -
w'1.rd edge of t'w ri.n T ::> sit le'1vEs ei th8r the top or the bot Lorn 
position of ring travel . 
" 
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T:18 r~j)lic.'ls of the !"'1 jor- thrust ~ nd rninor- thr'lst. f8c8s of 
t,'1D cylinder harr81 slrowed r;o 'If)p'3.rent dif 'er'.:nce irl t l18 r1.t·0 of 
'." -:'11' oJ.' the t.wo faces . 
7 
r~e positive re~licqB of metal surfaces ~~rl~ by ~ ~8thod rlev01-
O)t'r1 ."1t 1~C:HLw8re Iaitl-J.ful rC J1'od'Jctj.ons of t"le ori;~j,nal s'.lr.laces , 
Gv',n qt. maf.~nif'ic2tions of 100 diamek.ll's . 
Tl-le l.Jos'Lttve !'8[Jlic,}8 :nsde of t~'le c-ur["3ce of an AllisJn '1- 1710 
si,1rle c::linder 1;c1'or(o 1nd ,1ft('1' rins- stJc1dn',3 tests s~1'.)wp.d: 
1. A v3riation in t:-te cyljndcr surface 0scurred d~ll'Lnr; the 
C)'lrSe of the rjn 1 cct.ick'i.np.; t~sts . The ,",urface finish ('Inn erl fro:n 
tl1P. rougrl crOG ", - in tc '1erl ap)80Y, nee .:) f tJ1E rJl2'N II :l')ned C~,r lindel' 
barrel t·) q fine pRT"l11el- scr3tch'"'d fi.!~ G'l . A. .s th,' t. : ~:;t;; n:r')c'''r~d:::d , 
a GeriES of b"'l.nrls <>p.tJearr.>u tr: the barrel f.l.lri'ace at the top ffi/l 
botto"l of the stroke . The '3.'1(1 :formed. by t!le i.op cOlni)reSSLOn ring 
d.t the top of the strJke cor~si[·ted of a bAnd of b1Jrtli sl1ed !:letRl 
y, L th J fri.D c'e of srno1rpej n::ta 1 ex ~. endjng d·)'vmV!(1Td to':''1.rd the center 
of th.e b"rreJ. Viall. iH the b)tto'n of t:le str:)ke , t.hr: b1nds were 
faintE:r awl th'3 b .lrnif'hin , effect. was l"ss t.hrm at the top of t.he 
stroke . Thl? frin.;;e of sme"lred ::letal w'}s present , Clnd extended 
u t " Rrds tow.qrd t.'1e c"'nter of the hArrel Ylall. 
2 . llfhen t.he top cO:1lpr")sf'i.on rjnF.; :1a0 stud" in the 1 iston b.nd, 
thp crlinde"' ['arf1ce Rt tY'.e tOj) of the stroke ended ;;bruptly v!ith 
t.h,! burnished b;mJ anc t.he sl7lP'lYsd '1l0tal frtngc-) . All tlleHe1r 
S(TCltches "';E~r8 p1.r'111el to each ot.her and to t.he d.L ':'ecti on 0 f I,is-
ton motion . )lhen the top corn:JY'ession r;_ns di:l not stick, thi!" area 
oJ' ~tl(3 to~) of I' in;:,; travel was reJatively smoot' vVJt:1 numerous 
100;,ln :: Rcr1'Lchf:.S of different hpif'~t.S s1.1"!t:ri(1;::')sed on t.he gener:]1 
snl' [';)ce. Tles8 loop in" scratches were p'c~sun~':lbly C"llJ sed by the 
2.bnf:Lve Acti'Jl1 of I)Dl't.i.cle~ cAu.:ht bctwe80 t'1e piston l'in~ and 
th~ cjltn~er waJI ~t t~c tap of the str~ke . The ~jston ring Af?ar-
cr.t.l; rotated sJi-rht.J.y -?t t'1e i'o" of the ssro:-:8 , scrAring the 
abrasive p<trtlc12,s .'1.C1'Of'[; tllC cylinder 'N~ 11 'L1 a loopin,:: motion. 
3. TLe r e "WJ.r n~ apTlar <3'lt ii ff eref1S,e ill tlle l'&t<.; of wear of 
the !1ltijor- t .lrust .l ace e:.11 I t:l8 rn.i..n ·)l·- tJ,I"lst i.-ace. Pie t op )orLiol1 
01' tll':; cyl inder barr el , :lowever , --1_1..1 si"lJW ;~ ~re&ter am.)lmt of v'ear-
to'in t.le bo ttom POl'tiOD . 
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(a) Photomicrograph of surface. 
Figure 1. - A metallographically 
polished steel surface with a 
roughness of 1.5 microinchas, 
rms. X100. 
(a) Photomicroeraph of surface. 
Figure 2. - A lapped steel surface 
with a roughness of 8.0 micro-
inches, rms. X100. 
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(b) Photomicrograph of positive 
replica of surface. 
FIgure 1. - A metallographlcally 
polished steel surface with a 
roughness of 1.5 microinches, 
rms. X100 . 
(b) Photomicrograph of positive 
replica of surface. 
Figure 2. - A lapped steel surface 
with a rouehness of 8.0 mlcro-
inches, rms. XiOO. 
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Figure 3. - A Positive replica of 
a new coarsely honed Allison 
V-1l10 cyl inder barrel. X112. 
F ;gure 5. - A pas I ti ue replica of 
the Coorsely honed All ;son 
V-il10 cyl ;nder barrel after 48 
hOlJrs of test running. X112. 
Fig. 3,~,5,6 
Figure 4. - A positive replica of 
a finely honed A II i son V-1l10 
cyl ;nder barrel. X112. 
Figure 6. - A posit lue replica of 
the finely honed All ison V-il10 
cy 1/ nder barre I after 35 hours 
of test runnIng. %112. 
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FIgure 7. - A posltlue repl ica of 
the coarsely honed All ison 
V-llLO cylinder barrel after 100 
hours of test runn ing. X112. 
Fi cure 9. - A pos it iue replica 0 f 
the a~a at the top of ring 
trauel in an All ison V-1l10 
cyl inder barrel after 33 hours 
of test running. The top ring 
wos stuck. X112. 
Fig. 7,8,9,10 
Figure 8. -- A posit iue replIca of 
the area at the top of ring 
trauel in an All ison V-1l10 
cyl inder barrel after 120 hours 
of test running. The top ring 
was free. X112. 
Figure 10. - A positiue replica of 
the area at the top of ring 
trouel in on Allison V-1l10 
cyl inder barrel after 225 hours 
of test running. The top ring 
~os stuck. Xl12. 
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Figure 11. - A POsitive replica of 
the general surface area in on 
All ison V-1ll0 cylinder barrel 
after 33 hours of test ronn ing. 
X1l2 • 
Figure 13. - A positive repl ica of 
the area at the bottom of ring 
t ravel of the top ring in an 
Allison V-11l0 cylinder after 33 
hours of test runn ing. Xl12. 
Fig. IltI2,13,1~ 
Figure 12. - A positive replica of 
the general surface area in an 
Allison V-1ll0 cylinder barrel 
after 225 hours of tes t runn ing. 
X1l2. 
Figure 14. - A positive replica of 
the area at the bottom of ring 
trauel of the top ring in an 
Allison V-17l0 cylinder after 
225 hours of test runn ing. 
X1l2. 
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